Summary. No seasonal variation in any of the hormones measured was apparent in males or females. Testosterone levels in males increased around puberty (10\p=n-\11years) and remained significantly higher in adult than prepubertal males. This was not accompanied by any significant change in levels of LH, FSH or prolactin.
Introduction
Very little is known about the reproductive endocrinology of the African elephant (Loxodonta africana), but such information is essential to develop controlled breeding programmes in captivity. In view of the long gestation period of the elephant (approximately 22 months) a reliable method for the diagnosis of pregnancy is also important.
Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) have been identified, by biological and immunological assays, in pituitary glands from African elephants (Carr, 1969) . Plasma levels of LH increased around oestrus and after the injection of LH-RH in two female Asiatic elephants (Chappel & Schmidt, 1979) and gonadotrophin-like activity has also been measured in the urine of a pregnant Asiatic elephant (Fujimoto, Koto, Imori & Nakama, 1970) .
Plasma levels of unconjugated oestrogens and progesterone (Plotka, Seal, Schobert & Schmoller, 1975) and urinary levels of oestrone and oestradiol (Ramsay, Lasley & Stabenfeldt, 1981) are low in female elephants in comparison with most other species. The corpora lutea have a low content of and secretory capacity for progesterone (Smith, Hanks & Short, 1969;  Ogle, Braach & Buss, 1973) and although a modest increase in plasma concentrations of progesterone may occur during pregnancy (Plotka et al, 1975) this needs to be confirmed. Circulating levels of testosterone in male Indian elephants are generally low, but increase dramatically during the period of increased aggressive and sexual behaviour associated with the phenomenon known as 'musth' (Jainudeen, Katongole . ' Musth' has only recently been recognized in African elephants (Poole & Moss, 1981) and although testicular testosterone levels are extremely variable (Buss & Johnson, 1967; Short, Mann & Hay, 1967) (Malpas, 1977 The age of the animals was estimated by the criteria of Laws (1966) . All female elephants of reproductive age (> 10 years old) were examined for evidence of pregnancy and/or lactation. Stage of pregnancy was determined by reference to fetal weight and crown-rump length (Perry, 1953; Laws, 1966 (Carr, 1969) . Approximately 100 mg amounts (n = 4) of this powder were extracted in 4 ml 0-01 N-ammonium bicarbonate, pH 9-0. After shaking for 2 h at room temperature the extract was centrifuged at 600 g for 1 h at 4°C and the supernatant stored at -20°C until assayed.
Parallelism between the ovine hormone standards used and dilutions of the elephant pituitary extract and plasma and serum samples from male and female elephants was then assessed. The slopes of the dose-response curves were not significantly different in each of the radioimmuno-assays for LH, FSH and prolactin. Therefore all samples were assayed against, and are reported in terms of, ngof the appropriate ovine pituitary standard (NIH-LH-S14, NIH-FSH-S10and NIH-P-S6).
Since there was no effect of plasma or serum in these assays, the hormone measurements in each fluid were taken as comparable and results are expressed in terms of plasma/serum.
Accuracy and precision. Accuracy of the assays assessed by measurement of known amounts of ovine standard or diluted elephant pituitary extract added to elephant plasma and serum was 95 ± 3 (s.e.m.), 102 ± 4 and 98 ± 4% for LH, FSH and prolactin respectively (n = 1). The precision, expressed as the intra-and inter-assay coefficients of variation (%) assessed by repeated assays of 3 pools of elephant plasma with binding in the 3 assays over the range 32-83% B/Bo, were 10 and 14% (n = 13) respectively for LH, 9 and 12% for FSH and 8 and 13% for prolactin. Identification of hormones measured. To assess the form of the immunologically active elephant hormone measured by each radioimmunoassay, elephant pituitary extract was fractionated at 4°C by gel filtration on Sephadex G-100 (2 x 50 cm), eluted with 0-25 M-Tris-HCl (pH 7-6) containing 0-1% bovine serum albumin (BSA). Fractions (1 ml) were collected and analysed for LH, FSH and prolactin by radioimmunoassay and by radioreceptor assay (LH : Cheng, 1976 ; FSH : Cheng, 1975 ;  prolactin: Shiu, Kelly & Friesen, 1973 
Radioimmunoassay of steroids
Plasma or serum levels of testosterone and progesterone were measured by the specific radio¬ immunoassays described by Corker & Davidson (1978) and Scaramuzzi, Corker, Young & Baird (1975) (n = 20) respectively. The sensitivity and intra-and interassay precision (as coefficient of variation) were 10 pg/ml, 10-4% and 11-0% for testosterone and 50 pg/ml, 9-3% and 12-6% for progesterone.
In addition, progesterone concentrations (range 375-3738 pg/ml) in plasma samples from 2 non-pregnant and 4 pregnant elephants were measured before and after celite chromatography (Hodges, Gulick, Czekala & Lasley, 1981) using a different specific progesterone radioimmuno¬ assay (Hodges, Eastman & Jenkins, 1982 
Results
Hormone levels in male elephants Plasma/serum samples were obtained from a total of 29 male elephants aged between 1 and 30 years of age. No significant changes associated with age were seen in concentrations of LH (overall mean ± s.e.m.: 15 ± 4 ng/ml; range 8-23 ng/ml), FSH (72 ± 8 ng/ml; range 10-194 ng/ml), pro-lactin (0-9 ± 01 ng/ml; range 0-2-3-7 ng/ml) and progesterone (604 ±118 pg/ml; range 177-3125 pg/ml). In contrast, there was a significant difference (P < 0-01) between testosterone values in animals less than (0-43 ± 009 ng/ml, = 10) or greater than (2-57 ± 0-52 ng/ml, = 17) 12 years of age, the time at which sexual maturity is first recognized (Perry, 1953) . None of the animals in the younger group had levels > 1 ng/ml (range 0-14-0-98 ng/ml) whereas 12 of the 17 animals in the older group had levels exceeding this value (1-13-6-5 ng/ml).
Hormone levels in non-pregnant female elephants Blood samples were obtained from 63 non-pregnant females 1-60 years of age. There was no sig¬ nificant change associated with age for mean ± s.e.m. concentrations of LH (22 ± 1-4 ng/ml, range 8-52 ng/ml), FSH (95 ± 9 ng/ml; range 30-256 ng/ml) or prolactin (6-9 ± 0-7; range 0-8-22-4 ng/ml). However, progesterone values in 15 females < 13 years of age (316 ± 52 pg/ml ; range 120-595 pg/ml) were significantly lower (P < 001 ) than in the older females (707 ±77 pg/ml ; range 92-1495 pg/ml, = 48) although there was considerable overlap between the two groups (Text- fig. 1 ). fig. 1 ).
In 7 non-pregnant and 4 pregnant elephants the ovaries were examined and the number and appearance of the corpora lutea were recorded. An increase in the number of corpora lutea was associated with increased plasma levels of progesterone except for values for 2 pregnant elephants at 19 and 20 months gestation which were low (Table 1) .
Prolactin. There was a significant increase (P < 0001) in prolactin values during pregnancy (50 ± 7 ng/ml, = 63) compared with those in non-pregnant females (6-9 ± 0-7 ng/ml; = 61) (Text- fig. 1 ). After 7 months of pregnancy all prolactin concentrations were at least 8 ng/ml greater than the maximum level found in any non-pregnant female (Text- fig. 1 ). There was no significant difference in prolactin values between lactating and non-lactating pregnant animals.
Discussion
The data presented in this paper examine for the first time in some detail the changes in reproductive hormones in male and female African elephants in relation to age and pregnancy.
The heterologous radioimmunoassays for LH, FSH Hinds & Tyndale-Biscoe, 1982) . In the absence of purified elephant pituitary hormones, validation for each hormone radioimmunoassay was confirmed by the parallelism between standard hormone preparations, plasma and serum samples and dilutions of elephant pituitary extract. Recovery of added hormone to elephant plasma or serum samples showed that the radioimmunoassays were applicable in quantitative terms and the activity measured in each appeared as single separate peaks on Sephadex gel filtration. In the circumstances it is felt that each of these hormone assays has been validated for use in the elephant, although final confirmation must await the availability of purified preparations of elephant LH, FSH and prolactin.
The failure to detect any differences between LH, FSH and prolactin levels in male or non¬ pregnant females at any stage in samples collected in Uganda and South Africa and at different times of the year (between August and April) suggests that any seasonal change in the levels of these hormones is likely to be small. However, a decrease in thyroxine and triiodothyronine uptake values was found in the dry compared to wet seasons in elephants in the Kabalega National Park, Uganda (Brown, White & Malpas, 1978) . The lack of differences between pre-and post-pubertal animals is probably due to the relatively small number of samples collected around this time.
The similarity of prolactin values in lactating and non-lactating females is not too surprising because it was not possible to record when last suckling occurred and the age of calf was not recorded. Since both suckling and time post partum are the most important contributors to the levels of prolactin post partum in mammals that have been adequately studied (Cowie, Forsyth & Hart, 1980) , the role of prolactin in lactation in the elephant clearly needs more detailed investigation.
The increase in testosterone levels after 11 years of age in male elephants coincides with the onset of puberty (Perry, 1953) . The levels are similar to those reported for male Asian elephants but no values as high as those observed during the musth in male Asian elephants (Jainudeen et al, 1972) were obtained.
In the female there was a clear increase in progesterone values after puberty (> 10 years of age; Perry, 1953) although there was considerable overlap in levels between prepubertal and mature females. The levels agree with those reported by Plotka et al (1975) but are higher than those suggested originally by Hanks & Short (1972) . The higher than expected levels of progesterone in prepubertal animals may have been due to an unidentified progestagen cross-reacting in the radio-immunoassay used, but the progesterone values were confirmed by using a different radioimmuno¬ assay for progesterone with and without celite chromatography. As in the hyrax, the low levels of progesterone during pregnancy in the elephant may be due to rapid conversion of progesterone to 20a-dihydroprogesterone by erythrocytes (Heap, Gombe & Sale, 1975 There appeared to be an increase in progesterone concentrations in relation to an increase in the number of corpora lutea present in the ovaries. This is of interest since it has been suggested that, because of the small capacity of individual corpora lutea to secrete progesterone, a certain critical mass of luteal tissue may be required to maintain plasma levels of progesterone at a level compatible with pregnancy (Perry, 1953; Hanks & Short, 1972) although this view has been questioned (Ogle et al, 1973; Smith & Buss, 1975 (Smith & Buss, 1975) .
The decline in plasma levels of LH and FSH between 10 and 14 months of pregnancy occurs when there is also a repression of follicular development (Smith & Buss, 1975) , probably due to the negative feedback effects of gonadal and placental steroids.
The dramatic increase in prolactin values during pregnancy could be used for pregnancy diagnosis in the elephant. The reason for the increase in the elephant is not known, but in other species such an increase occurs in relation to the raised circulating oestrogen values associated with pregnancy (McNeilly, 1980; Cowie et al, 1980) . Since a similar rise and change in ratio of oestrogens also occurs during pregnancy in the elephant, and coincides with the time when prolactin levels are also increased (Hodges, Henderson & McNeilly, 1983) it is possible that, as in other species, oestrogens in the elephant act directly to increase prolactin secretion. It is also possible that the prolactin is placental in origin although placental lactogens from other species do not cross-react in the radioimmunoassay used in the present study (McNeilly & Friesen, 1978) .
While no relationship between lactation and prolactin was apparent in non-pregnant females, when prolactin levels were high in the second half of pregnancy almost all elephants were lactating as judged by the presence of milk in the mammary gland. Perry (1953) also found that in a majority of animals pregnancy was accompanied by lactation.
The present results indicate that measurement of plasma or serum levels of prolactin can be used to diagnose pregnancy at least beyond 7 months of gestation, a finding of considerable advantage to those interested in breeding programmes for the elephant.
